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The observations  on the prevalence of various bacterial types in 
spontaneous mouse typhoid infection (1, a) indicate that the smooth 
colony  forms  of  paratyphoid-enterifidis  bacilli  are  most  common 
during  all  the  various  stages  of the  disease and  the  presence of  a 
mucoid or rough colony variant is an exceptional occurrence.  Hence 
it is  questionable whether such bacterial transformations, or indeed 
any  bacteriophagic  phenomena,  influence  the  extent  and  severity 
of the disease.  However, this general subject has received so much 
attention  of  late  in  the  studies  of  d'H~relle  (2), Arkwright  (3), 
Hadley (4),  and others,  that  it  seemed  necessary to  study further 
the  problems  involved.  It  is  intended  in  this  paper  to  describe 
certain  conditions under which the transformations  of B.  enteritidis 
occur from smooth to variant  colony forms,  and from variant  back 
to  smooth type  colonies;  and  later,  to  offer  a  partial  explanation 
of the nature of the process. 
Cultures  were  obtained  from  spontaneously  infected  mice  from 
various sources (1, a).  One of these strains  (No. 3) has been studied 
by Amoss and Haselbauer (5), Thomas (6), and Sakai (7), and placed 
in  the  enteritidis  group.  1  But,  chief  attention  has  been  given  to 
1  This same culture has been used by Theobald Smith and Nelson (J. Exp. 
Med.,  1927, xlv and xlvi) in identifying organisms from an epidemic of guinea 
pig typhoid.  The mouse typhoid (M. T. I) strain used by them for purposes 
of identification is our Strain 3.  They have designated it B. paratypki,  whereas 
we consider it to belong in the B. enteritidis group. 
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strains  derived from certain  populations  of mice  at  The Rockefeller 
Institute,  among  which mouse typhoid has prevailed during  the past 
2 years in endemic or epidemic form  (1,  a,  Group  13).  The cultures 
were quite similar  to one  another  and to  those from outside  sources 
(1,  a,  Table  I).  In  brief,  they  consisted  of  Gram-negative,  motile 
rods, growing diffusely in broth,  fermenting  dextrose, maltose, xylose, 
rhamnose,  and  mannite,  but  not  lactose,  saccharose,  salicin,  and 
inosite.  No indole was produced; lead acetate was blackened.  Stock 
B. enteritidis  sera agglutinated  the strains  to  titre  and  sera prepared 
from several of our own strains  brought  about  maximum  agglutina- 
tion  in  all. 
Colony Formation. 
Direct Plating from Autopsy  Material or from Fecal  Carriers.--As 
stated  previously  (1,  a,  Group  13,  Table  I),  several  thousand  mice 
have  been  examined  bacteriologically  during  the course of  our  ob- 
servations  on  special  mouse  populations,  and  found  to  harbor  B. 
enteritidis.  The  cultures,  when  taken  directly  from  the  animal, 
streaked over plain agar plates,  and incubated at 37  °, formed typical 
smooth  colonies.  Occasionally,  however,  if  the  plates  were  left  at 
room temperature--23°C.--for  12 hours or more at any time during 
the period of observation, mucoid colonies developed, or the smooth 
forms  became surrounded  by a  ring  of mucoid  growth.  Still  more 
rarely and under different circumstances,  an occasional rough colony 
was encountered. 
Serial Passage  of Smooth  Colony  Types  on Agar  and  in  Broth.- 
The natural  tendency for B. enteritidis  to form smooth type colonies 
can be interfered with in many ways.  *  But in order to analyze the 
transformation  process as  it  occurs  "spontaneously,"  we decided  to 
observe the relatively simple conditions which might  be encountered 
normally in nature  and in  the laboratory. 
Experiment  1  shows  the  effect of  direct  agar  passage  at  37  °  on 
the  type of colony formation. 
Experiment/.--Four  mouse strains of B. enteritidis were taken directly from 
the  stock meat infusion agar  slant  and  passed serially on meat  infusion agar 
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plates, pH 7.4.  Strain 1 is a  single cell culture  3 obtained on December 2, 1925, 
from a mouse from one of the special populations mentioned above (1, a, Group 13). 
Strain 2 is a similar culture from another mouse dying on the same date.  Strain 
3  is a  single cell culture obtained from  a  wild mouse found dead in a  Rocke- 
feller Institute laboratory in  1921.  This  strain has been studied by other in- 
vestigators  (5-7).  Strain  4  is a  single cell culture obtained  in  August,  1925, 
from a mouse from one of the special populations (1, a, Group 13). 
A  small amount  of the stock culture was  taken from each slant and spread 
over plates containing plain beef infusion agar.  After 24  to  48  hours  incuba- 
tion at 37  °, the resulting colonies were examined, and one of them picked and 
spread over another agar plate.  This method of passage was  carried on  eight 
times  for  each  strain. 
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Eight  agar  passages  of these four single cell, smooth colony strains 
had  no  modifying  effect  on  colony  type.  Plates from  each  passage 
showed  100  per  cent  typical  smooth  colony  forms.  Other  mouse 
strains  of  B.  enteritidis  behaved  in  a  similar manner  for  as many  as 
twenty  passages. 
The  effect  of  temperature  on  colony  type  formation  was  then 
tested  (Experiment 2). 
a Single cell strains  were  obtained  by  the  use  of  a  technique  described by 
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Experiment 2.--The cultures used in Experiment  1 were passed in the same 
manner as before, except that each transfer was made in duplicate.  One set of 
plates was incubated at 37°C.; the other left at room temperature, 23  °.  A single, 
well isolated colony from the 37  ° plate was used for each transfer.  The results 
are shown in Table I. 
Strains  1, 3, and 4 remained  100 per cent  smooth at  both  37  °  and 
23  ° for four passages.  "Smooth" colonies of Strain 2, however, when 
incubated at 37  °, grew out 100 per cent smooth, but when allowed to 
grow at room temperature  at 23  °,  appeared entirely mucoid.  These 
colonies  remained  mucoid  when  transferred  at  23  °,  but  invariably 
reverted  to  smooth  forms  when  grown  at  37  ° .  In  all,  twenty-one 
cultures  of  B.  enteritidis  were  tested  in  this  way.  Fourteen  came 
from  the  populations  described  above  (1,  a,  Group  13),  four from 
outside mice, and two from spontaneous guinea pig infections.  Three 
of  these  twenty-one  strains  showed  this  characteristic  of  smooth 
growth at 37  ° and mucoid growth at 23  °. 
D'H6relle  (2)  and  Hadley  (4)  mention  a  number  of investigators 
who have studied the effect of temperature on bacterial transforma- 
tion,  and  more  recently,  Knott  (9)  states  that  certain  paratyphoid 
strains grown in broth at 22  ° and transferred to enriched solid media 
of a certain thickness and pH of 8.0 result in the appearance of mucoid 
colonies after  24  to  48  hours.  However, we  have  seen  no  definite 
experimental  evidence relating  mucoid  colony formation  directly  to 
temperature  conditions. 
From  these  experiments  it  is  concluded  that  mouse  strains  of 
smooth type B.  enteritidis  tend  to remain  type-pure if  passed from 
agar  to  agar  at  37  °,  but  that  an  occasional  smooth  strain becomes 
mucoid  if  grown  on  agar  at  23  °.  The  resulting  mucoid  colonies 
will remain so indefinitely if transferred and grown at 23  ° , but when 
the  temperature  is raised  to  37  °  ,  revert immediately  to  the  smooth 
form. 
True rough colonies were not found on any plates during the serial 
agar  transfer  of  twenty-one  smooth  colony  strains.  Fresh  stock 
cultures were passed, together with others, 2, 4, 8, and 12 weeks, and 
2,  4,  and  6  months  old.  Colonies  72  hours  and  3  weeks old were 
also used.  Dry plates and plates with considerable surface moisture 
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colonies after 24 hours incubation, but these became relatively smooth 
at  48  hours,  and  when  transferred,  grew diffusely in  broth  and  ap- 
peared entirely smooth on fresh agar plates. 
From old  broth  cultures,  however,  true  rough  colony types were 
obtained. 
Experiment 3.--Twenty smooth type mouse typhoid strains  of B.  enterigdis 
were  studied.  Strains  1,  2,  3,  and 4 have been  described  in  the  first  experi- 
ment.  Nos. 5, 6, 7, and 13 to 20 are single cell cultures, obtained from the special 
populations  from July,  1925, to April,  1926.  Nos.  8, 9, 10, and 11  came from 
outside  mice dying from "spontaneous" mouse typhoid (1, a).  These are single 
colony cultures  obtained after repeated  isolation.  Strains  20 and 21 came from 
cases of spontaneous  guinea pig typhoid. 
TABLE  II. 
Transfer of Smooth Colony Strains from Broth to Agar. 
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S = smooth colony.  R  = rough  colony. 
Each  culture  was  transferred  from the  stock agar slant  to  5  cc.  centrifuge 
tubes of beef  infusion  broth,  pH  7.4.  After 17 hours  incubation  at  37  °,  they 
were placed  at room temperature.  8 days later a  drop of sediment  from each 
tube was streaked  over the surface of 15 cm. Petri dishes containing  plain meat 
infusion  agar.  The plates were incubated for 48 hours,  and then left at room 
temperature for 1 week.  Similar platings  were made on the  12th,  14th,  28th, 
and 33rd days.  All suspected  rough colonies were grown in broth to detect the 
characteristic  granular type of growth, transferred  to plain agar, grown in sugars, 
and identified by means of specific sera of a  titre of 1:10,000.  The results  are 
shown in Table II. 
No  rough  colonies were  seen  on  the  8th,  12th,  or  14th  day.  At 
28 days, however, and again at 33,  several strains,  when  transferred 
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B.  enteritidis  serum.  Transfers  from a  single colony to  broth  grew 
granularly and  three  serial passages  of single  colonies from agar  to 
agar resulted in pure  rough  type  cultures. 
When single colonies of the rough variant strains are passed from 
agar to  agar,  they remain pure  for several  transfers, but eventually 
revert  to  smooth.  When  passed  from broth  to  broth,  reversion  to 
the smooth type occurs after the first or second passage. 
Mucoid and rough colony variants also occur when broth cultures 
of the smooth colony forms are  transferred daily. 
TABLE  III. 
Passage of Smooth Type Colonies of B. enteritidis in Plain Broth at 37°C. 
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Experiment 4.--Single  cell Cultures  1  and  3  were  employed.  Both  were 
seeded from the stock strain to beef infusion broth at pH 7.4, and incubated at 
37  °  .  After 24 hours,  one loop of culture was streaked over the surface of an 
agar plate and a second loop transferred to a fresh broth tube.  24 hours later 
the culture in  the latter tube was plated and transferred again.  In all,  nine 
broth passages and nine sets of agar plate transfers were made.  Table III shows 
the results. 
Strain  1 showed only smooth type colonies on agar transfer plates 
until  the  third  broth  passage.  Mucoid  colonies  then  appeared  in 
gradually increasing numbers,  due probably to the fact that after 24 
hours  incubation,  the  plates  were  left at  room temperature.  After 
four passages of Strain 3, mucoid forms appeared, later accompanied 
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To summarize briefly it may be stated that  (1)  most smooth type 
cultures of mouse typhoid B. enteritidis  remain  smooth when passed 
on  agar;  (2)  that  an  occasional  smooth  strain  becomes  entirely 
mucoid when grown on agar at 23  ° and changes again to smooth when 
the  temperature  is  raised  to  37  ° ,  and  finally  (3)  that  when  smooth 
types are  grown in  broth for  3  weeks or more,  or transferred  daily 
from broth to broth and plated on agar, rough colonies appear which 
remain  rough  for several agar passages,  but revert to  smooth forms 
when  grown  in  fresh  broth.  Apparently,  therefore,  temperature 
is one factor involved in  this  kind of reversible transformation  from 
smooth  to  mucoid  colony,  and  a fluid  state  of  the  media  a  factor 
influencing the reversible transformation from smooth to rough colony 
form. 
Effect  of Bacteriophage  on Colony Formation.--Many  investigators 
have  noted  that  bacteria  grown  in  the  presence  of  an  active  lyric 
agent give rise  to secondary cultures which form mucoid and  rough 
colony variants.  Indeed,  there  seems to be general  agreement  with 
Arkwright's statement that bacteriophage stimulates normal microbic 
mutation  (3).  The  results of our own observations,  however, while 
agreeing  with  the  general  findings  of previous investigators,  suggest 
a  different explanation  of the process. 
Active  bacteriophage  was  obtained  by  various  procedures,-- 
namely, broth passage and filtration  of a  smooth,  "eaten"  colony of 
B. enteritidis,  taken directly from an autopsy plate,  and passage and 
filtration  of  smooth  type  cultures  plus  mouse  intestinal  material. 
The  titre  of this  bacteriophage was found  to  be  10 -9  for  all  of our 
single cell, smooth colony types of B. enteritidis. 
Experiment  5  was  planned  to  show  the  effect of  bacteriophage- 
containing  agar  on  the  colony formation  of smooth  type  strains  of 
B.  enteritidis. 
Experiment 5.--300 cc. of agar in flasks were melted, cooled to 48  °, and poured 
into 10 cm. Petri dishes.  The agar used for the control plates received 30 cc. of 
plain broth,  pH 7.4, just before pouring; a second flask, 30 cc. of 10 per cent 
bacteriophage in broth,  and a third,  30 cc. of undiluted bacteriophage in broth 
(titre  10-9). 
A small portion of each bacterial culture was taken  directly from the stock 
slant and spread over the surface of two plates each, of plain agar, 1 per cent and 862  MOUSE T~PHOID INFECTION.  II 
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10 per cent bacteriophage agar.  One set was incubated at 37 °, the other left at 
room temperature, 23  °.  Single  cell cultures of Strains 1, 2, 3, 4, 5, 6, and 7, and 
single colony Strains 8,  9,  10,  11, and  13 were used.  These stock strains have 
been described in the previous experiment. 
The results of these tests are given in Table IV.  All strains grown 
on plain  agar  at  37 °  gave rise  to  smooth colonies;  at  23  °  Strain  2 
formed mucoid colonies (see Experiment 2).  Subcultures from these 
smooth and mucoid colonies proved susceptible to lysis in broth con- 
taining bacteriophage and grew poorly or not at  all on  10 percent 
bacteriophage agar plates.  Hence these and all other typical smooth 
colonies have been designated smooth-susceptible  (SS)  (Fig.  1),  and 
similar  mucoid  variants,  mucoid-susceptible  (MS).  On  the  1  per 
cent bacteriophage agar plates there appeared distinctly less growth 
and a  different type of colony.  Instead of the typical smooth-sus- 
ceptible  colonies,  there  arose  small,  round,  bluish,  smooth forms. 
Some  of  these  were  wart-like,  with  irregular,  "eaten"  edges  and 
raised centers.  Organisms from these  colonies resisted lysis;  hence 
the  colonies  were  designated  smooth-resistant  (SR)  (Fig.  2).  On 
plates left at room temperature--23°--mucoid  - and smooth-resistant 
colonies  with  a  mucoid ring occurred,  in  addition  to  the  smooth- 
resistant  forms.  These  mucoid  colonies  likewise  proved  phage- 
resistant and hence were designated mucoid-resistant (MR)  (Fig. 3). 
Growth on the 10 per cent phage agar plates was still more scanty. 
On plates incubated at 37 ° a few scattered smooth-resistant colonies 
were  seen, with an occasional mucoid or ring form.  On plates left 
at 23 °  there was less growth.  Some remained sterile. 
Further  experiments with  other  strains  gave  similar results.  In 
one series, four single cell strains were passed eight times on plain 
and  bacteriophage agar.  Each transfer  showed the same  types of 
colony variants  as  described above.  From two  guinea pig  strains, 
however,  rough  colonies  occurred  regularly  on  phage  agar  plates. 
These resisted lysis and were designated rough-resistant (RR) (Fig. 4). 
Rough-resistant colonies were also obtained with great regularity by 
transferring smooth-resistant colonies to plain agar for two or three 
passages.  In these two instances,  a  fluid medium did not seem to 
be necessary for the production of rough colonies. O00'O00'OI :I 
+ 
+ 
O(  :I  o~qcl  ~  oo~oooo~oooo 
lO~UO3  ~  o  o  o  o  o  ++++++++++++++++++++++÷+ 
++÷+ 
O00'O00'OT  :T  ~  ooooo~+++++++++++ 
++÷+ 
T++++  .~  "1-++++ 
;~  00I:I  ~  oooooooooooo 
i  O[:T ~q~l  ~  oooooooooooo 
IO~Uo~  ~  0°0°0+'+++++++4_++++++++++++++++  +" 
000.000,0,:, ~  o-+~o~i!ii 
+++++ 
+4_++ 
.~  ++ 
++++ 
"~  00I:I  0  o  o  o  o  o  o  ~-"}-++++  +++'t-+ 
+-F-F + 
÷$$ 
,0,,00~ ~  o-++~i?+++++L+++++ 
000.000,0,~, ~  ......  ++~!ii? 
~  -t- +  + 
o  o  ++  +++  O00'OOI:I  d  ....  +~++ ,.+. 
+++ 
,.5  ~  +++  oo~:~  oooo  +  ++++ 
.~  +  ++-k 
+--t--t- 
++~+++ 
-4-++ 
lO~uoZ)]~j  -+~+÷+++.t_+÷+'+++++++  F+++++++++++++++ 
864 
oo~,=oooooo~o++ 
ooo~ooo,=~o~o4-+ 
+÷+ 
o  o  o  o  o  o  ~  -  -t--t- -i-_1-_  k 
-F+-F 
++ 
++ 
+++  .........  .~+++ 
-k --F -I- 
.....  +~+~!~i+++  + 
++ 
,=o  ~  -1- -F -I- 
-1- -k ,-k 
++ 
++ 
oooooo~_++ 
++ 
+++ 
-t-+ 
---+-#~TT 
_~ ~  +  ~  -t- -t- -I- +  -I- 
-- ----k ~_ +  -t- +  +  -k 
"-F  ÷-t- 4-+  ---  ¥  T--# 
-T--T- +  +  +  +  +  +  +  +++ 
+  -F -t- 
oooooooooo++++~_++++ 
-k -t- ÷  -t- +  -}- + 
~  -k -t- -t- ~- ++ ~_ ~  4_'{-  .I.-t-  ~- +  4-i_  .t_ .I  - 
-1- ,-F +  +  -t--k + 
,,-k 
o 
o 
,.cl. 
I~..o 
t  II  -I-" 
~+ 
~+ 
II-t- 
rS~ °~, 
% 
+  ++ 
c~  4--+-  ~+  $ 
x 
O00'O00'Ol: 
+ 
++  4-  +$ 
O00'O0~:T  6  ++  --k  ÷  ~+ 
OOI:I  L)  ~  ~ 
+  +  + 
[o.~uo3  ~  +  "-b  q- 
-q-  -b  + 
ooo,ooo,o,:,  ~  ++-t+,t  ~+~+ 
+  +  t 
+  + 
O00'OOI  :I  ~  +  q..  -k 
0.9.,  -b  '+  ~ 
OOI:I  ~  o  o  o 
4-  +  q- 
-b  +  + 
lO~lUOa  6  +  4-  + 
÷  +  + 
+  + 
-b  +  .q-q- 
ooo'ooo'o~:~  6  +  +  +  +  + 
+  + 
+  + 
O00'OOI:I  L3  c, $  q_  +  -b 
.~  +  + 
•  ~  o+  ++  ++  +  4-+  ++ 
0~:~  ~  °  $+  + 
-k-t-  q-  + 
++  +  + 
Ioa~uo3  6  +  +  +  + 
++  +  + 
+  ++++ 
000'000'0I:~  L~  ~  m ~  m~Nm~-b  _t_ 
I  +  +  + 
O00'OOI  :T  ~3  oq-+  ++  ++ 
OOI:I  q-  +  +  o$+  ++  ++ 
0~.~  ++  ++  +++  OI:I  L~  ~  q-  .q- q- 
,+-  osg  ~g 
~O 
I  ++  +  +  ++  +  + 
++  +  + 
UOl~qn3ui  ~  ~- ~  ~ 
865 
++++ 
+÷++ 
+  ~  ~ 
+ 
+ 
+ 
o  ~  -t- 
-I-  "4- 
+  q- 
c,  +  + 
+  + 
+ 
+  ++ 
q-  q-+ 
r.q 
.+ 
o  + 
+ 
+  +  + 
+  +  + 
+  +  + 
+  +  ÷ 
+  +  +$++$+++ 
++++  ++++++$$ 
¢.9 
+ 
+4-+  $ 
~,~+  + 
+ 
+++  + 
+++  4-+ 
~q_  .+~ 
03  ~O 
q--  +  +  -t-  q-  -k.  +  -+- 
+  4-  q-  -4-- 
q-  +  +  + 
++++++ 
+  +++++ 
.q-~+ 
r.~  ¢.q  c.q 
+  4-  .q-  ++  +++++++ 
+  .+ 
o  ++$  + 
+  + 
+  + 
o  +++$++ 
+  +  +  + 
+  -+"  4-  + 
-I-  -q-  q-  q- 
-k-  -t-  +  q- 
S  S 
.,.S  ° 
o 
o 
II 
,..9,0 
o  ej 
8 
+ 
lur;, 
II  II 
+ 
,..9,0  + 
8  + 
'6  o 
.~  hO 
II  II 
+ 
,,  '-{- 
,..gq 
8 
o 
s 
I 
II 
0 
II  1 
II 
N  o 866  MOUSE  TYPHOID  INFECTION.  II 
Experiment 6.--This  experiment was  planned  to  test  the effect of 
growth in  bacteriophage-containing broth  on  colony formation. 
Two fluid media were used, beef infusion broth, pI-I 7.4, and a modification of 
Uchinsky's asparagine  solution. 4  The test was run in duplicate in each medium. 
The single cell Strain 3 was employed.  17 hour broth and asparagine  cultures 
from the stock agar slant were diluted in the corresponding media to make final 
bacterial concentrations of 5  ×  10  -2,  10  -2,  10 -4,  and  10  -~.  Five cultures of 
each dilution were made; one served as a  control and the other four received 
bacteriophage in dilutions of 6  X  10  -1,  10  -3, 10  -~, and 10  -~.  The tubes were 
incubated  at  37  °  .  At  short  intervals  thereafter  the  amount  of  growth  was 
estimated in terms of turbidity and a loop of the culture was transferred to 15 
cm., plain agar plates.  These in turn were incubated and examined at 24 and 48 
hours for number and types of colonies present.  The findings are summarized 
in Tables V and VI. 
In the broth series the control tube, inoculated with about 100,000,- 
000 organisms, dilution 1 : 10, showed growth at 4 hours and maximum 
turbidity  at  12,  while  tubes  containing  bacteriophage  showed  no 
definite  growth  for  12  hours,  and  did  not  reach  a  maximum  until 
27  hours.  Tubes  receiving  an  inoculation  of  10,000,000  organisms, 
dilution  1:100,  appeared  quite  similar,  except  that  growth  began 
later  in  all  tubes.  The  control  tube  containing  100,000  organisms, 
dilution  1:10,000,  showed  abundant  growth  at  12  hours;  similar 
tubes  with high  concentration of bacteriophage,  6  ×  10  -1 and  10  -3, 
remained  sterile,  while  those  in  which  bacteriophage was  present  in 
smaller amounts,  6  X  10 -5 and  10  -7, showed growth at 20 hours and 
maximum  turbidity at  30 hours.  The control tube  inoculated with 
10,000  organisms,  dilution  1:100,000  showed  growth  at  12  hours, 
which  became  maximum  at  24  hours;  those  receiving high  concen- 
trations  of  bacteriophage  remained  sterile,  and  those  in  which  the 
amount  was  low were  clear  at  30  hours  and  of maximum  turbidity 
at 48 and 55 hours. 
Rough colonies appeared in greatest numbers on plates from tubes 
inoculated  with  high  concentrations  of  bacteriophage.  Mucoid- 
resistant  colonies were found chiefly on plates from tubes inoculated 
4 The composition  of  the synthetic medium was  as follows: Asparagine,  0.4 
per cent; ammonium  lactate, 0.6 per cent; sodium phosphate, 0.2 per cent, and 
sodium chloride, 0.6 per cent in distilled water. LESLIE  T.  WEBSTER  AND  CASPAR  B~2RN  867 
with  small  amounts  of bacteriophage.  No variants  occurred on  the 
plates  from  plain  broth  tubes.  The  asparagine  media  series  gave 
similar results, except that growth was slower in all tubes and mucoid- 
TABLE  VII. 
Passage of Varian~ Colony Forms on Bacteriophage-Containing  A gar and Plain A gar. 
Date 
1927 
15 
17 
19 
21 
23 
25 
28 
30 
2/14 
15 
17 
19 
21 
23 
25 
28 
28 
3O 
)as- 
age 
Smooth-reslstant  strains.  I 
Passage on 10 per cent phage 
agar at 37 °  Pa~ 
sag{ 
No. 1  No. 3 
SR  [ SR. MR  I 
lifo. 4 
SR. :MR  1 
Passage on plain agar 37* 
ss  !i  ss  "  RR  " 
"  RR  " 
w 
21 
3  i 
41 
51 
6 
7 
8 
1 
2 
3] 
4 
5 
6 
7 
8 
8 
Mucold-resistant  strains. 
Passage on 10 
per cent phage agar at 23 ° 
I  No. 3  No. 
:MR  :MI 
~  cc 
Passage ou plain 
agar 23  ° 
MR  MR  MR 
cc  ~g  ~ 
~  cc  ~c 
~g  ~g  ~f 
~  cg  ~c 
SS*  SS*  SS* 
Rough-reslstant 
strains. 
]  Passage on 10 
Pas- I  per cent phage 
sage i  agar at 37 ° 
~'o. 3  No. 4 
1 
2 
,3  ~c 
4:  ~c 
5  I 
Passage on 
plain agar 37 ° 
3  "  SS 
4  SS  " 
SS = smooth-susceptible colony; SR -- smooth-resistant colony; MR = mucoid- 
resistant colony; RR  =  rough-resistant  colony; E  =  wart-like,  "eaten" colony. 
* Duplicate  passage  at  37  °. 
resistant  colonies  were  not  obtained.  In  four  other  similar  experi- 
ments,  however,  both  mucoid-resistant  and  rough-resistant  colonies 
were  recovered. 
Briefly,  then,  bacteriophage  added  to  nutrient  media  stimulates 868  ~OUSE  TYPHOID  INFECTION.  II 
the  transformation  of  smooth  colony  types  to  mucoid  and  rough. 
Solid  media  and  low  temperature  favor  the  mucoid  forms;  fluid 
media usually favors the development of rough types.  These mucoid 
and  rough  colony forms  differ  from  those  obtained  in  plain  media 
(Experiments  1,  2,  3)  in  that  they  resist  the  lyric  action  of  bac- 
teriophage. 
The stability of these colony variants  was then  tested by growing 
them  on  plain  and  bacteriophage-containing  media.  The  following 
experiment shows the result of passage on solid media with or without 
the addition of bacteriophage. 
Experiment 7.--Cultures  from  the  stock  agar  slant  were streaked  directly 
over the surfaces of plain and phage-containing agar plates.  These were incu- 
bated at 37  ° and 23°C.  Two single colonies of each variant  type resulting were 
then  selected and  passed for a  number  of times on plain  and  bacteriophage- 
containing agar.  Two well isolated colonies were chosen for each transfer.  The 
results of these passages are shown in Table VII. 
Three  strains  of  smooth-resistant  variants  (SR)  remained  type- 
pure for eight passages on 10 per cent phage-containing  agar,  but on 
plain  agar  reverted  almost  immediately  to  the  original  smooth- 
susceptible  colony  form.  The  appearance  of  a  few rough  colonies 
on the second and fourth passages of Strain  3 is consistent with the 
results  obtained  in  Experiment  4.  Three  mucoid-resistant  variants 
(MR) remained constant for eight passages on 10 per cent phage agar 
at 23  °, and on plain agar as well.  But such variants grown on plain 
agar  at  37  °  revert  quickly  to  the  smooth-susceptible  form.  Two 
rough-resistant  variants  passed  on  10  per  cent phage  agar  became 
small and wart-like; passed on plain agar, they reverted to the smooth 
form  after  two  or  three  passages.  Some  rough  variants,  however, 
have  remained  constant  for  as  many  as  fourteen  passages  before 
reverting  to  smooth. 
Hence,  the  tests indicate  that  smooth-resistant,  mucoid-resistant, 
and  rough-resistant  colony  cultures,  grown  on  bacteriophage-con- 
taining  agar,  tend  to  remain  type-pure,  but  when  placed  on  plain 
agar,  become transformed  to the  original  smooth  type colony form. 
Passage  of  variant  forms  in  fluid  media  was  carried  out  with  a 
number of single cell strains from smooth-resistant,  mucoid-resistant, 
and  rough-resistant  variant  colonies.  Each  culture  was  transferred LESLIE  T. W'EBSTER  AND  CASPAR  BURN  869 
from stock agar to plain broth and broth containing varying amounts 
of bacteriophage.  After 24  hours incubation,  a  loop of plain broth 
culture was transferred to  a  fresh tube of broth,  and a  loop of bac- 
teriophage-broth culture to a fresh tube of bacteriophage broth.  At 
the same time subcultures were made on plain agar plates.  These 
were incubated and examined at 24 and 48 hours. 
When passed in plain broth for more than two or three transfers, 
single cell cultures from rough-resistant and mucoid-resistant colonies 
streaked  on  plain  agar  plates  at  37 °  showed  smooth-susceptible 
colonies.  Smooth-resistant  colony  cultures  reverted  to  smooth- 
susceptible after six or seven broth transfers.  Bacteriophage added 
to the broth in a  ratio of 10 per cent or more tended to inhibit the 
reversion phenomenon and maintain the variant cultures type-pure. 
Smooth-resistant  strains  remained  relatively  constant,  mucoid- 
resistant  forms remained so  at  23  °  and became smooth-resistant at 
37°;  rough-resistant  cultures usually showed some  smooth reverted 
forms when grown at 37 ° and mucoid-resistant forms at 23  °.  Thus, in 
fluid culture, the variant colony strains were found to revert quickly 
to the original smooth-susceptible type, unless bacteriophage in large 
quantity were present and continually added to the cultures. 
DISCUSSION  AND  SI/MMARY. 
The experiments described in this paper are part of a larger number 
which we have been carrying out for the past 2 years.  Although they 
have not  entirely fulfilled their  purpose, which was  to  explain the 
so  called  "mutation,"  "dissociation,"  "Umwandlung," "transforma- 
tion"  process,  they  have  served  to  formulate  a  helpful  working 
hypothesis. 
Certain difficulties inherent in  this  kind of study must be recog- 
nized.  One is  that  colony formation is  a  property associated with 
growth on solid media and any procedure involving the use of fluid 
media introduces a change which is relatively uncontrolled.  Another 
is that mucoid and rough colony forms are not the only variant types 
encountered;  at  best,  they may  be  considered  as  being  the  most 
frequent,  Finally, it is apparent to us that the findings reported in 
this  paper  with  respect to  enteritidis organisms do  not  correspond 
with those of other species of organisms, especially of the respiratory 870  MOUSE  TYPHOID  INFECTION.  II 
group which we have studied  (1,  b).  Possibly, however, they apply 
generally to  the typhoid, paratyphoid-enteritidis species. 
To  summarize, it may be  stated  that  the  transformation process 
in  the  mouse  typhoid enteritidis group  is  an  easily reversible one, 
controlled in part,  at least, by three factors, any of which may con- 
ceivably operate  under  natural  conditions:  (1)  temperature,  which, 
influences the  appearance  of mucoid forms;  (2)  fluidity of  culture 
media, which tends to favor rough variants;  and  (3)  bacteriophage, 
which stimulates the appearance of both variants.  Since by manipu- 
lating  these  factors  the  transformation  process  may  be  incited  at 
~dll in either direction, it is probably not genetic in nature. 
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EXPLANATION OF PLATE 33. 
FIo. 1.  Smooth-susceptible  colonies of B. enteritidis. 
FIO. 2.  Smooth-resistant colonies of B. enteritidis. 
FIo. 3.  Mucoid-resistant colonies of B. enteritidis. 
FIG. 4.  Rough-resistant colonies of B. enteritidis. THE JOURNAL OF EXPERIMENTAL MEDICINE VOL. XLVI.  PLATE 33. 
(Webster and B~n: Mouse typhoid infection. If.) 